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Abstract 
Life threatening errors have been associated with intravenous (IV) medications. This study was conducted in Universiti 
Kebangsaan Malaysia Medical Centre to determine knowledge levels of nurses with regards to preparation and administration 
of IV medications. Survey respondents (n=246) comprised head nurses (n=4) and staff nurses (n=242).  Mean correct scores 
for knowledge (maximum score; 16) of head nurses and staff nurses were 12.5 ± SD 2.1 and 10.3 ± SD 2.6 respectively 
indicating average knowledge acumen. Less than 50% of respondents obtained correct answers for calculation and dosing of 
IV medications. Training programmes for nurses should give greater emphasis on these skills. 
© 2011 Published by Elsevier Ltd. Selection and/or peer reviewed under responsibility of the UKM Teaching and Learning 
Congress 2011. 
Keywords: Calculation; dosing; intravenous medications; knowledge; nurses; skills; training programmes 
1. Introduction 
Medication safety is a major concern and a global issue related to quality and safety of patient care (Sheu et al. 
2008). The Audit Commission (2001) of the National Health Service (NHS) in the United Kingdom (UK) 
estimated that medication errors accounted for about 20% of deaths from all adverse events.  Complications from 
drug treatment, therapeutic misadventures and diagnostic errors were the most common non-operative medical 
errors (Weingart et al. 2000). Hatcher et al. (2004) indicated that 61% of life threatening errors were associated 
with intravenous (IV) medications.  
Shane (2009) stated that errors with IV medications were reported in the United States (US) even though the 
hospital pharmacy was responsible for the preparation of these medications. It is now common for allied health 
professionals to be involved in the preparation and administration of IV medications. Nurses are now responsible 
for the preparation and administration of IV medications in most European countries (Mathew 2007). Single site 
studies in the UK and US confirm that nurses made mistakes in preparing and administering IV medications in 
13–84% of all cases (Hartley & Dhillon 1998; Ross et al. 2000). Nurses are involved in preparation and 
administration of IV medications in Malaysia although cytotoxic drugs, parenteral nutrition, and parenteral 
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medications for acute pain service are prepared separately by pharmacists (Pharmacy Services Department 
Annual Report 2009) 
Many medication errors were found to be due to lack of pharmacological knowledge, proper attitude and skills 
in medication administration. Gerry and Helen (2003) have shown that 5.41% of the medication errors that 
occurred were due to failure in following the prescription and poor skills in administering drugs. Gladstone 
(1995) identified knowledge, skills, breakdown in communication and failure to follow policy as the main causes 
of medication errors.    
The evidence of poor quality and errors in the preparation and administration of IV medications among health 
professionals points towards quality of care issues. Quality of this process is vital in providing safe patient care 
and attempts at quality improvement should be continually explored. In relation to safe IV medication use, health 
care providers are required to have adequate knowledge and skills. Educational programmes can raise nurses’ 
awareness about medication errors and other medication-related safety issues (Elnour et al. 2008). The objectives 
of this study were (i) to determine the knowledge level of nurses working in Universiti Kebangsaan Malaysia 
Medical Centre (UKMMC) regarding preparation and administration of IV medications and (ii) to look into areas 
that need to be strengthened and improved in UKMMC nursing teaching syllabus.  
2. Methodology 
The study was conducted in UKMMC over a three-month period using the descriptive cross-sectional design. 
Approval to conduct the study was obtained from UKM Research Ethics Committee. Approval was also obtained 
from the Nursing Management Department, UKMMC, to conduct the studies in the nursing wards of the 
hospital. Respondents were asked to complete a questionnaire which has 16 statements or queries to gauge their 
levels of knowledge regarding (i) preparation (eight statements) and (ii) administration (eight statements) of IV 
medications carrying a maximum score of 16. These statements were qualitative and quantitative in nature. 
Qualitative-type statements assessed maintenance of quality in practice as well as clinical decision making skills. 
The quantitative-type statements tested on respondents’ calculation and dosing skills. Each statement has True, 
False and Don’t Know responses for the respondents to correctly choose. A pilot study was conducted on 25 
nurses working in surgical and medical wards of UKMMC, followed by a second pilot study involving nine 
nurses working in surgical wards of the same hospital (after changes were made to the original questionnaire).  
Inclusions criteria were nurses working in the wards regardless of status or shift. These wards include 
medical, surgical, orthopaedic, obstetrics and gynaecology (O&G), psychiatry and intensive care units (ICUs). 
The exclusion criteria were nurses who participated in the pilot studies, nurses working in outpatient care clinics 
and nurses on annual or maternity leave during the study period. The minimum estimated sample size was 190 
nurses. The sample size was estimated for each department using expected frequency of 20%, and worst 
acceptable range of ± 5% (Lemeshow et al. 1990). 
3. Results 
3.1 Sample characteristics and findings 
A total of 325 questionnaires were distributed to nurses working in the stated UKMMC wards. Of these, only 
246 of the returned questionnaires were acceptable for the study. The accepted number of respondents (n=246) 
was more than the minimum estimated sample size (n=190). Gender profiles of respondents were 240 (97.6%) 
females and 6 (2.4%) males. The mean age for the female respondents was 28.3 ± SD 2.4 years (range 22-37 
years) and that of the males was 27.2 years (range 23-30 years). From Table 1, the majority of the respondents 
(98%) were diploma holders. From the 246 respondents, 4 (1.6%) were head nurses while 242 (98.4%) were staff 
nurses. Forty-four or 17.9% of respondents have less than 2 years nursing experience while 17 (6.9%) have 10 
years or more working experience. 
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Table 1. Background of nurses and knowledge scores  (n = 246) 
 
Variable n (%) Knowledge*  Mean ± SD        
Age (years)   
(a) <25 40 (16.3%) 9.9 ± 2.6 
(b) 25–30 141 (57.3%) 10.2 ± 2.7 
(c) >30–40 65 (26.4%) 10.7 ± 2.4 
p† value  0.36 
Education   
(a) Degree 5 (2.0%) 10.8 ± 2.9 
(b) Diploma with 
Post-Basic 
49 (19.9%) 10.4 ± 2.7 
(c) Diploma 192 (78.1%) 10.2 ± 2.6 
p† value  0.81 
Position   
(a) Head nurse 4 (1.6%) 12.5  ± 2.1 
(b) Staff Nurse 242 (98.4%) 10.3  ± 2.6 
p* value  0.09 
Wards/Units   
(a) ICUs 55 (22.3%) 10.7 ± 2.3 
(b) Medical 67 (27.2%) 10.1 ± 2.8 
(c) Surgical 42 (17.1%) 10.6 ± 2.9 
(d) Obstetrics & 
Gynaecological 
24 (9.8%) 10.0 ± 2.7 
(e) Orthopaedic 39 (15.9%) 9.8 ± 2.7 
(f) Psychiatric 19 (7.7%) 10.7 ± 1.5 
p† value  0.54 
Nursing experience 
(years) 
  
(a) <2 44 (17.9%) 9.9 ± 2.4 
(b) >2–5 72 (29.3%) 10.3 ± 2.7 
(c) >5–10 113 (45.9%) 10.5 ± 2.5 
(d) >10 17 (6.9%) 9.9 ± 3.3 
p† value  0.68 
                                 *Maximum score of 16 (one each for 16 statements posed). 
 Statistical significance was defined at a p < 0.05. 
                               †One-way ANOVA. 
                               ICUs include adult, paediatric, & neonatal intensive care units and 
 coronary care unit. 
 
No significant difference (p>0.05) was observed when knowledge scores were compared within each 
variables. For example, there was no significant difference when scores obtained for staff nurses (10.3 ± SD 2.6; 
n=242) were compared to those of head nurses (12.5 ± SD 2.1; n=4) (p=0.09). Comparison of scores for length of 
nursing experience also showed no significant difference (p=0.68) (Table 1). 
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3.2 Data for knowledge in preparation and administration of intravenous medications 
All respondents (n=246) attempted the questions. The statements were ranked based on correct responses. 
Regarding the preparation of IV medications, it was found that respondents managed to obtain high level of 
correct responses (>50% of respondents) for most of the statements posed except for statement 8 (calculation of 
noradrenaline injection) where only 37.8% of respondents managed to get the correct answer and 23.2% of 
respondent gave the wrong response while 39% of respondents did not know the answer (Table 2).   
Data from respondents showed that qualitative-type statements ranked better than quantitative-type statements 
as they obtained more correct responses.  Statement 8 (quantitative-type statement) on preparation of intravenous 
medications, for example, ranked lowest. This statement involved determining the final concentration of 
noradrenaline when a given amount of the drug is diluted by a given volume of dextrose saline solution (Table 
2). 
Table 2. Ranking of knowledge on preparation of IV medications by frequency (%) of correct answer (n = 246) 
 
*Correct answer to statement:T (True), F (False).  
# Statements/queries as numbered in the questionnaire. 
Abbreviations: KCl, potassium chloride; Ca, calcium; CaCl2, calcium chloride; NaCl, sodium chloride.  
 
 Similar results were obtained when knowledge in the administration of IV medications was assessed. 
Respondents did well in the quantitative-type statements (statements 10, 11, 12 and 15) except for statement 14 
which was related to high alert medications. Only 49.5% of nurses responded correctly for this statement (Table 
3). Respondents performed poorly in the quantitative-type statements which dealt on dosing and calculation of IV 
medications. These were statements 9, 13 and 16 in which the percentages of correct responses were 47.6, 38.6 
and 11.0% respectively (Table 3). 
The results showed that level of knowledge on the administration of IV medications was average as the 
respondents achieved less than 50% of correct responses in half the number of statements posed (four out of eight 
statements). These were statements 9, 13, 14 and 16 (Table 3). Statement 16 on infusion rate obtained the lowest 
correct response i.e. only 11%. 
Rank Statements   
(T/F)* 
Correct 
response 
(%) 
Wrong 
response    
(%) 
Don’t 
know 
(%) 
Items# 
1 Hands washing with antiseptic or alcohol rub should be 
performed before preparation of IV antibiotic solution 
T 93.9 4.9 1.2 1 
2 It is not necessary to check expiry date for a medication 
that is recently indented from pharmacy 
F 92.3 6.1 1.6
  
2 
3 Preparation of IV Hydrocortisone solution does not require 
hands cleaning using antiseptic or alcohol rub          
F 84.1 10.2 5.7 3 
4 ‘cc’ or ‘ml’ is the dosage expression for IV insulin F 80.5 11.0 8.5 5 
5 The Cefoperazone vial top should be swabbed with alcohol  
swabs prior to reconstitution with NaCl 0.9% 
T 77.6 8.6 13.8 4 
6 Any reconstituted IV medications can still be used if it is  
less than 48 hours from the date of reconstitution or 
preparation             
F 75.6 12.2 12.2 7 
7 IV antibiotics are stable when diluted using  NaCl 0.9% or 
NaCl 3% 
F 59.0 26.4 14.6 6 
8 When 6ml of IV Noradrenaline (4mg/ml) is diluted with 
50ml of 5% dextrose saline, the final concentration of 
Noradrenaline infusion solution in  ȝg/ml is 480ȝg/ml. 
(1mg=1000ȝg) 
T 37.8 23.2 39.0 8 
 Mean  
± S.D 
 75.1 
±18.6 
12.8       
± 7.8 
12.1     
± 12.0 
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Table 3. Ranking of knowledge on administration of IV medications by frequency (%) of correct answer (N = 246) 
 
      *Correct answer to statement: T(True), F(False).  
# Statements/queries as numbered in the questionnaire. 
Abbreviations: KCl, potassium chloride; Ca, calcium; CaCl2, calcium chloride; NaCl, sodium chloride.  
4. Discussion 
4.1 Knowledge in intravenous medication preparation and administration  
Findings of this study showed that nurses from the selected wards had an average level of knowledge in the 
preparation and administration of IV medications. The knowledge levels of nurses in this study were not 
influenced by age, length (years) of experience, level of nursing education, working department (wards), and 
working position. Findings that length of nursing experience did not show any influence on the knowledge level 
is similar to the study done by Ives et al. (1996).  
The results showed that nurses obtained test scores of less than 50% for quantitative-type statements on the 
part of drug administration (Table 3).  It was surprising that the percentage of correct answer for the statement on 
high alert medications (statement 14), which was expected to be high, was found to be low. Noradrenaline and 
insulin have been correctly identified as High Alert Medications by only 45.9% of the nurses. This could be due 
to the lack of formal awareness training on high alert medications conducted for these nurses. 
Only 37.8% of the nurses correctly calculated the dilution of noradrenaline solution in the required units 
(ȝg/ml)(statement 8) (Table 2). Findings on calculation skill in this study is similar to the one by Bindler and 
Bayne (1991) that showed 81% of nurses were most of the time unable to calculate medications correctly. 
Several studies concluded the need to make mathematical calculations a priority focus area (Duffin 2000; Harne-
Britner et al. 2006).  Morgan and colleagues (2006) in a simulated study in a paediatric stabilisation unit in 
Rank Statements   
(T/F)* 
Correct 
response 
(%) 
Wrong 
response    
(%) 
Don’t 
know 
(%) 
Items# 
1 Patient’s armband and IV catheter should be inspected for 
phlebitis or extravasations during administration of IV 
cytotoxic drugs. 
T 83.3 4.9 11.8  15 
2 Medication administered intramuscularly acts rapidly than 
if administered intravenously 
F 71.1 22.8 6.1 
  
10 
3 KCl injection should be administered as slow bolus 
injection over 3 minutes during emergency such as 
ventricular fibrillation         
F 69.1 18.3 12.6  11 
4 IV Ceftriaxone (Rocephine®) can be administered 
simultaneously with solution containing Calcium Gluconate 
via a Y-site, at a slower rate of 5mg/min 
F 62.2 13.4 24.4  12 
5 Slow bolus IV injection means administration of 
intravenous medication in 1 minute.     
F 47.6 47.2 5.2  9 
6 Medications that are classified as High Alert Medication 
include Noradrenaline and Insulin 
T 45.9 31.7 22.4  14 
7 When an emergency happens such as hypocalcaemia 
tetany, 10% CaCl210 ml should be administered in 1–
2 minutes. 
F 38.6 34.2 27.2  13 
8 Intravenous medication which requires maximum infusion 
rate of 120μg/hour should be infused at a constant rate of 
4μg/min for the first 1 hour 
F 11.0 29.3 59.7  16 
 Mean   
± S.D 
 53.6       
± 22.8 
25.2 
± 13.2 
21.2  
± 17.6 
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England found that 14.2% of 150 orders were converted from milligrammes to millilitres incorrectly, with a 
maximum dose deviation of 400%. 
One of the possible factors for the lower number of correct responses obtained for statement 8 was because 
noradrenaline is seldom used in certain wards and it is only used for patients with severe hypotension or shock, 
thus some nurses may be less experienced to perform the noradrenaline calculation. Nevertheless, the statement 
on noradenaline calculation was relatively easy as it only requires knowledge of unit conversion and basic 
mathematical skill of converting milligramme to microgramme which nurses should be able to answer correctly.  
Nurses need to improve their knowledge on the different types of IV fluids as responsibility for the correct 
preparation of IV medications lies in the hands of nurses. Over 40% of the nurses did not realise that  NaCl  3% 
could not be used as an alternative to NaCl 0.9% for dilution of antibiotic solution (Table 2; Statement 7). This 
could be due to the lack of awareness that different concentrations of sodium chloride are considered as different 
preparations and have different indications and should not be used interchangeably.   
Despite the availability of protocols on the stability of different types of reconstituted medications, over 20% 
of the nurses were not aware that not all IV medications can be used if it is less than 48 hours after reconstitution.  
Different drugs have different stability profiles. For instance, stability of IV Meropenem after reconstitution with 
0.9% NaCl is 24 hours under refrigeration while its duration of stability in dextrose 5% is only four hours under 
refrigeration (Lacy et al. 2010). Not all IV medication product labels indicate the stability of reconstituted IV 
medications. Furthermore, despite the availability of protocols, it is important for the pharmacy department to 
conduct training so that nurses have basic awareness on the stability of IV medications.    
Statement 16 (Table 3) focused on administration of IV medications in which nurses have to calculate the rate 
of infusion per minute from a maximum infusion rate of 120μg/hour. Eighty-nine per cent of these nurses did not 
realise that based on the stated maximum rate of infusion, the rate of administration of the given IV medication 
should not exceed 2 mg/min, and thus 4 mg/min as mentioned in the statement is incorrect. The correct answer 
could be obtained by a simple calculation process. Inability of these nurses to respond correctly is alarming as 
mistakes such as these can be fatal. Cousins et al. (2005) found that errors associated with IV administrations 
were mainly caused by wrong administration rate and technique.  
In this study, over 50% of the nurses did not understand that the rate of slow bolus IV medication 
administration should be longer than one minute, and specific to the types of medications (Statement 9)(Table 3). 
The low correct response for this statement could be due to assumptions that slow bolus administration is the 
same as bolus injection.  
Overall, the respondents have limited knowledge on high alert medication as shown by the inability of these 
nurses to produce high scores in some of the statements related to high alert medications including noradrenaline 
calculation, administration of concentrated CaCl2 and KCl injections. In response to statements concerning the 
administration of concentrated electrolyte solutions, 35% of the nurses did not realise that KCl 15% injection 
could not be administered as an IV bolus. It has been reported previously that KCl delivered as an IV bolus can 
result in cardiac arrest, and worldwide occurrences are not uncommon (Benner et al. 2002; Sheu et al. 2008).  
4.2 Limitations 
There were a few limitations to this study. The results may not necessarily reflect all nurses working in 
UKMMC wards. A consensus could not be reached to indicate that knowledge of nurses was really of an average 
level in actual practice, even though the findings of this study indicated so. The number of statements or queries 
measuring knowledge (i.e. only16 statements posed in the questionnaire) was too small and did not cover other 
aspects of IV medications such as drug interactions and compatibility issues.   
Another limitation was that the questionnaire was in the English language. As the national language of 
Malaysia is Malay, English is not the native language for most of the nurses and language barrier dispositions 
may occur in this survey when respondents found it difficult to understand the questionnaire. The Malay 
language version of the questionnaire could be useful for these nurses and therefore, future studies should use 
both the Malay and English versions of the questionnaire. 
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5. Conclusion 
It can be concluded that UKMMC nurses involved in this study were found to have an average level of 
knowledge in preparation and administration of IV medications. In addition, this study suggests that length of 
nursing experience has no influence on the level of knowledge achieved by these nurses. This study also showed 
that the nurses fared better in responding to qualitative-type statements in the questionnaire as compared to 
quantitative-type statements.  Qualitative-type and quantitative-type statements were able to gauge the levels of 
knowledge of nurses in calculation, dosing as well as clinical decision-making skills. 
Incorrect responses on calculation and dosing of IV medications should not be taken lightly as mistakes such 
as these can cause medication misadventures or even deaths. Training of nurses should give greater emphasis to 
these skills. Nursing training programmes should provide more hours for calculation and understanding of IV 
medications. Continuous education programmes on aspects of IV medications and related safety issues for nurses 
are also important. The involvement of medication experts such as pharmacists in nursing training programmes 
would be beneficial in addressing issues relating to IV medications. 
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